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TECENICAL NOTE NO. 11086 -

PERFORMANCE PARAMETERS FOR JET-PROPULSION ENGINES

By Newell D. Sanders

SUMMARY

Performance parameters for Jjet-propulsion engines have been
developed from the concepts of flow similarity, inertia forces, elas-
tic forces, viscous forces, and thermal expsnsions of the working -
fluid. The analysis relates performance to the geometry of the o -
boundaries, Mach number, Reynolds number, and total-temperature ratio.

The results of performance tests with turbojet engines are expressed —
in terms of two types of generalizing parameter: dimensionless param-
eterg and "corrected" parameters that are not dimensionless.

INTROTUCTION -

It is common practice to express the performance of jet- o
propulsion engines in terms of generalized parameters derived by
dimengional analysls. The grouping of variables into these parameters
is useful in that the number of variables involved in experiment or
anglysis is effectively rsduced. Generalization of the data by the
use of these parameters permits results of specific teste with a
gpecific engine to be used for estimating performance at other
conditions.

— o —— — -

R g - ——

A derivation of performance paremeters hag been given by Warneor
and Auyer in reference 1. Theso parameters were in wide use at an
earlier date and, as mentioned In reference 1, were originally used =
by the British. Silversteln of the NACA found from experiments with —
turbojet engines that the parameters could b® used to corrblate per-
formance characterigtice of the engine except for the characteristics z
that involve fuel flow; nemely, fuel flow, fuel-air ratio, and spe- .
cific fuel consumption. '

Same of the factors that may influence Jet-engine performance
but are not considered in the derivation of the listed parameters
are viscous friction, variations of the mass flow of gas resulting
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from eddition of fuel, combustion efficiency, and variations of ccm-

nressibility. (Compressibility is herein defined as gg ; where p

ig density and p 1s pressure.) Before the approximations involved
in the omission of these factors can be evaluated, a more camplete
analysis based upon the importent intermal fiuid forces is necesgsary.

This report presents an analysis of the performance of jei-
propulsion engines based upon the physical concepts of forces and
expansions: Iinertia, elastic, viscous forces, and thermal expansion.
The conglderations of flow similerity are first applied, dimensionless
parameters consisting of ratios of the forces and expansions are
derived, and the more commonly used parameters are derived fram the
dimensionless parameters.

SYMBOLS S — -

Except where special units are given, any set of conaistent units
may be used.

A cross-sectional area of flow passage e -
a gpeed of sound

Cp gpecific heat at constant pressure L e

Cmq thrust coefficient o j"—j:::::;;;_:;::
D diameter

Fn thrust

f1, T2, indicate functional relations

fz. . .

g ratio of mass units to gravitational units o

h heating value of fusl o
k constant of proportionality

L linear dimension —_—
M Mach number -

N engine speed o
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P powsyr

P pressure, total or static

Q heat units added per unit mass of fluid

R gas constant B
T temperature, total or static

v linear velocity

v specific volums

Wé magg rate of air flow

We mass rate of fuel flow

v ratio of specific heats of fluid

ta) ratio of pressure to standard WACA sea-level vressure

Mg combustion efficilency

e ratic of temperature to standard NACA sea-level temperature
H coefficient of viscoglty of gas

p density

T temperature ratio R

Numerical subscripts indicate stations in the flow system except
where the gubscript is on the symbol £,

Subscript x applies to the cross section used for camputing
the thrust coefficient.

Subseript sgtd indicates values corresponding to the NACA
standard sea-~level atmosphere.

SIMILARITY IN FLUID FLOW
Conditions of Similarity

The frictionless, adisbatic flows of incompressible fluids in
two systems are said to be similar if corresponding streamlines in

3
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the two systems are gemmetrically similar. If the streamlines are

gimilaer, the physical boundaries of the flow are gecmetrically simi-

lar for the two systems. As a result of the similarity of flow, the

ratio of veloclties and pressure gradients at any two points in one

system equals the ratio of the respective quantities at corresponding
polints in the other system. ] —_—

In the more general case vhere friction loss and heat exchange
accompany the flow of compressible fluids, the requirement that
corresponding streamlines be similar is not a sufficient restriction
to insure that the velocities, pressure gradients, and other condi- C
tiong of the fluid be proportional in two systems. As an example,
in the case wheres heat is added to a fluid flowing iIn parallel
streamlines, & momentum pressure drop will accompany the heat addition
although no pressure drop would accompany the adiabatic flow of the
fluid in parallel streamlines. It therefore appears that the concept
of sgimllarity of flow requires further refinement.

In reference 2, the condition of kinematic similarity is given -
as g refinement to the condition of geametrical similarity. Kinematic
gimilarity is obtained when the flow patterns are geometrically simi-
lar and the ratio of the velocities at corresponding points in two )
systems are equal. Dynamic similerity is also given in reference 2 -
ag a further refinement of the concept of gimilarity of filuid flow.

Dynamic similarity is obtained when the following conditions are met o
for two systeme being compared: +the flow in the systems must be
geametrically similar; the ratio of velocities at two points in one
system must equal the ratio of velocities at corresponding points

in the other system; the ratio of homologous masses are sequal; and

the ratio of homologous forces are equal. If three of thesge conditions
are satlisfied, the fourth condition will be automatically satisfied
for reasons glven in reference 2.

In the case of fluid flow with the addition or extraction of heat, -
the conditions for dynamic similarity fix the ratios of forces and . : pp—
performance characteristics within two systems. The requirements for
dynamic similarity are, however, inadequate for fixing the thermal
effects because these requirements can be fulfilled even though the
distributions and magnitudes of the heat additions to the two systems
are quite different. An example of this difference is the case of
two geametrically similar systems in which incompressible fluids are
flowing and heet is added to one of the systems but not to the other.
The heat addition may change the temperatures but not the geametry,
the velocities, the masses, or the foxrces. - T

For the purposes of this enalysis, the flow of flulds in two
systems will be congidered to be dynamically and thermally similar
when the corresponding streamlines in the two systems are geometrically

4
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similar; the ratio of the velocities at any two points in one system
equals the ratio of veloclties at corresponding points in the other;
and the ratios of homologous masses {densities), forces, and temper-
atures are equald

It is not convenient to deal with the velocities, the densities,
the pressures, or the temperatures at all points in the fluid; it is
poasible, however, to relate the flow pattern to the conditlons around
the boundary and thereby to gimplify the analysis. Proof of this
gtatement is not given here, but the truth of the statement is fairly
evident as a consequence of the principle that if identical causes
act in two cases, the resultes will be identical.

Internal Fluid Forces and Flow

Dimensional analysis shows that the conditions for similarity
ligted in the preceding section of this report are satisfied in two
geometrically similer systems when the ratios of inertia, viscous, and
elastic forces at a gelected palr of correspcnding points have equal
values; the total temperstures of the fluids at corresponding points
are proportional; and the compresgibilities of the fluids at corre-
sponding points are equal. The succeeding paragraphs discuss some of
the ratios relating the intermal fluid forces, the temperatures, or
the compresasibilities.

One of the most widely used ratios of forces that has been used

in similarity studies 1ls Reynolds number L Z p’ which is dimension-

less and is proportional to the ratio of inertia to viscous forces

within the fluid, From dimensional analysis it has been deduced that,

for geamstrically similar systems in which there is incampressible

igothermal fluid flow, the flow patterns will be similer if the

Reynolds numbers for all systems are equal. L

A second dimensionless quantity, the compressibility of the
fluid, is defined by the following egquation:

Compressibility =..% (%E-)

IT the fluid is & gas and compression is lacentropic . . :

@

Compressibility = % - ——

Therefore

5 N
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The ratio of specific heats ¢y is therefore a measure of the com-

pressibility of any fluid that acts in accord with the perfect gas

law. Dimensional anelysis shows that flow similarity can exist in

two fluid-flow systems only when the values of 7 &t corresvonding
polnts are egual,

The specific-~heat ratio ¥ 1is not a convenient parameter for

expressing the performance of Jet-propulsion engines because none

of the principal variables (speed, pressure, denslity, temperature,
or heat input) emter into the value of 7 except for a second-order
effect of temperature. Consequently, other parameters have been
developed that are closely related to the principal variables and,
at the same time, are dependent upon the compressibility.

One such dimensionless parameter is Mech number V/a, which is
proportional to the square root of the ratio of inertia forces to
elastic forces. Dimensional analysis snows that for compressible,
nonviscous fluids, the flow patterns in two gecmetrically similar
systems will be similsr if the Mach numbers for both systems are
cqual.

A fourth dimensionless number, which is referred to herein as
the "total-temperature ratio,” is important in the case whore heat
exchange accompanles the flow of compressible flulds. The total-
temperasture ratio T 1is the ratio of the total temperature at a
point downstreem from where the heat is added to the fluid to the
total tempersture at some point upstresm from where heat is added.
This paremeter is very simple to use in cases where heat is added
to the gas at a point or where the velocities of the fluld are low.,
In the more general case vwhere the addition of heat is distributed
over a reglon where the velocities vary appreciably, not only is the
over-all total-temperature ratio important but the distribution of
the heat addition to the flow pattern is important. The total-
temperature ratioc may be thought of as & measure of the expansion
of & gas that results from the addition of heat. In the case of
compressible, nonviscous fluids flowing at such low velocities that

inertia forces are negligible, the flow patterns in two geametrically

similar systems will be similar if the total-temperaturse ratio for
a selected pair of noints in both systems are equal and the distri-
bution of the heat addition in the two systems is similar.

In the more general case of the flow of compressible, viscous

flulds accompanied by heat transfer, the flow pattern in two systems

will be gimilar if the following five conditions are met:

1. The boundaries are geametricelly similar.

2. The fluids are perfect gases.
]
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3. The Mach numbers at a selected pair of corresponding points
are equal,

4. The Reynolds numbers-at & gselected pair of corresponding
points are equal.

5, The total-temperature ratios at a selected palir of corre-
sponding points are equal and the dlstrfbutions of heat addition for
the two systems are similar,

As a result of the preceding statements the following equation relat-
ing velocities at various points in a fluid flow system to Mach num-
ber, Reynolds number, and total temperature can be written S

vy e
7 = f3 [Mg, Ro, 7] )
o | Yo Voo Tz '
=*llayr T .2 T (l)
.20 Ho o}

Similarly, »y/pg, Ti/Tg, end p1/pg cen be related to the same
three parameters that appear on the right-hand side of eguation (1).

DIMENSIONLESS PARAMETERS
Ram Jets : -

A ram Jet is one of the simplest devices In which inertia, elas-
tic, viscous, and thermal effects must be considered., Consider the
flow pattern around and through a ram Jet as shown in the following
sketch,

Stroamlino ;'Fm*'—" Fuol flow
‘-L- A — T T
T - S e
-:L - -_.'_...,.-‘___-_-/ P e — - __ -.___-

\ """ Rem-jot body\ RS
Station O ‘Station 1 Station 2 S —



NACA TN No. 1106

When there is no fuel flowlng, the fiow pattern is a functiomm
only of Mach number and Reynolds number. As a specific example

E-f ELVODO
2 aO’ Hy

If heating of air is accomplished by burning of fuel but the mass of
the fuel is small compared with the mass of air flowing through the
ram Jet, equation (1) applies. Equetlion (1) will be used as the
basgis for deriving parameters that involve lmportant perlormance
variebles, such as alr flow, fuel flow, and thrust. In order %o
simplify the equations, the symbol Z will be used as a sghorthand
notation for

LVO L VO Po T2]
—_— - —

£

o) ko ~ TIg
such thet
v .
1

Alr flow. - Air flow is related to the Mach number at some sta-
tion within the engine, such as the inlet, as follows:
V1 wﬁ
— = ———eeee = T Z 2
a1 Pp Ay 8y 3[]. _ - (2)

Usually pg and ag are known and pg &and a; are @gpendenﬁ vari-

ables. The relations of p; to pn and ay tTo ars
1 0 1 89

P1
Py A
&
1
—= = f- [Z] e
aq S

These equations can be used to sliminate pp and ay from squa-
tion (2) and the following result is obtained:

W
a = fg [2]

Temperature is involved in pg and &g but, by rearrangement, the

following more useful modification of the air-flow parameter cen be
obtained:
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. &a B —
__a-.____.z 0 -z, [2] (3)
7 L® pg
Wa 89
The air-flow parameter is, therefores, ———p—
y L2 20

Fuel flow. - Fuel is the means by wnich heat is introduced into
the engine. The fuel flow is therefore related to Tp /‘I'O becauss

thig ratio is a measure of the heating effect of the fusl. The fuel-~

flow wnarameter is derived from Tp /TO ag follows:

We
——=l+-—QL—=l+—-—-— (4)
TO CPTO CPTO

Air flow is a dependent varisble whose value cen be obtained from

equation (3). If equation (3) is used to eliminate W, from equa-

tion (4) and the resulting expression for T»/Tq is subs‘bi‘buted in‘to

equation (1) the following result is obtained:

Vl VO L VO Po vy - 1 h Wf \ 5)
¥~ = fg an? ) ] MNe (
0 0 Mo 7 \I° pg a0/

The dimensionless paraemeter involving fuel flow is, therefors,

y -1/ BV ‘)n
¥ Lz Do 8o c
Net thrust, - Net thrust, if the mass of the fuel im neglected,
ig given by the equation R

(v
3
Fn=Wa (V3 -Vo) ‘-"-Wavo\:v-:g-9

butb
V.
3
7, = 9 (z]
W, a
7 L Pq

and 7V, ig part of Z. Therefore
0/80
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2 - 2 Vi
7 I¢ py  \7 I° py /NEO/ N0
= £y [2] (6)
Fn
A dimensionless parameter -———— has been developed, The dimen-
glonless parameter -,},—1-3,,)— is scometimes substituted in which A,
£0

is the maximum cross-gecticnal area of the engine.

Another parameter frequently used is the thrust coefficient Cp,
vwhich 1sg defined by the equation

F, 2P
1 " 2
S0 Vof Ay 7 Po &x Mo

CTE

Power. - The propulsive power P is given by the equation
P=XF, Vg
Substitute the value of F, from equation (6);

P
= = £, [
L o Vo

Multiply both sides of the equation by Vo/ao and rearrange the equa-
tion to get

P
2
7 L" 2o 8

Thrust specific fuel consumption. - The thrust apecific fuel
congumption equals the quotient of fuel flow and thrust. Fran equa-

= £y, [2] (1)

- h W
tion (5), the parameter involving fuel flow is 2- 1L > S LY
Divide this parameter by equation (8) to get 7 L® pg &g

(y -1) n W,
4 fo Q_;—i) =_f13 £z]

&p

where Wf/Fn is the thrust specific fuel consumption.

10
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Power specific fuel consumption. - The power gpecific fuel con-
sumption is the quotient of fuel flow and power. Divide the param-

7y =1 h Ve
eter n. by equation (7) to obtain
y LZ 0 c

Po &
W
(-1 h Tlc(%') = £14 [2]

where Wf/P is the power gpecific fuel consumption.

Turbojets

Turbojets and ram jJets differ essentially in that the turbojet
hes moving parts that absorb or deliver energy to the working fluid;
whereas the ram jet has no moving paerts, Notwithstanding this 4if-
ference, the analysis Just given for ram jets applles also to the

turbojet engine becauss the motion of the rotating parts is completely

determined by the gecmetry of the engine, the inertia forces, the
elastic forces, and the viscous forces; these forces are, in turn, a
function of Reynolds number and Mach number at some point in the fluid
and of total-temperature ratio across the engine. In other words, the
parameters that control the forces acting on & rigld body in a moving
fluid are the same parameters that control the type and megnitude of
motion of the moving parts of a turbojet. The analysis Just developed
for ram jJets applies equally well to turbojets.

In the case of & turbojet, an additional dependent variable is
introduced, engine speed. A dimensionless parameter involving engine
speed ls gé. Derivatbion of this parameter will not be given bubt it

0
is closely related to the Mach number of the campressor blades. This
parameter can be equated to a function of Mach number, Reynolds num-
ber, and total-temperature ratio or fuel-flow parameter as follows:

Vo L Vg e T2
15 |ag” ko ' Tog

18 o 2 > 5 e
a9 Ho 1% pg &g

Because engine speed is a readily measured quentity and the
determination of cambustion efficiency is uncertain, 1t is frequently
desirabls to describe pexrformance as a function of speed instead of

NL

= =1
a0

fuel flow as is done in equation (5). Rearrange equation (8) in the :

form

11
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y-1/ B¥ [YQ L Vo fo mw
> 2 Mg =117 lag’ TP

h W
Substitute this value of Z—= 1( N )nc into equation (5)
L
0

e zPoa
V. Y, LVhyop
-2 = le _Eg ___EL.EQ NL (9)
Vo ag ko 7 &g

The cambination of paremeters appearing on the right-hand side of
sguation (9) will be used extensively in succeeding paragraphs.

It can be readily shown that the parameters containing thrust,
power, thrust economy, and power economy &are related, respectively,
to the parameters in equation (9) by the eguations:

Fn (Vo L Vo Po wr
T— =19 |5 —o a0 (10)

7 I® 14 80 Ho &g |
P . Vo L Vo eo wL] 1

T2 o e " 720 |5 g ° 2 (1

7 L® pg gg <0 0 0_j

(y = 1) b, Wp Vo L Vo Po L]
=T lay "o an (12)

ag n aq MQ 0_|

(y 1) b £_¢,, |Y0 LV0P0 mL
4 e 5 =22 |50 — 07 an (13)

o Ho o |

Test Results with Turbojets

Tests have been run at the Cleveland laboratory of the NACA to
check the applicsbility of equations (10) to (13). A turbojet engine
was tested at pressures and temperatures simulating altitudes between
10,000 and 30,000 feet and at a constant simulated flight Macthumber.

The data are plotted in figure 1 with the thruet parameter -_—E%ET
NL 7A§C
for the ordinate and the speed paremeter -— Tfor the abscissa. The
a
0
data fall close to & single curve except for slight deviations at high

values of the speed parameter. It is concluded that, for the range of

12
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values covered in this investigation, the effect of variations in
Reynolds numbers upon performance is negligible becauss Reynolds num-
ber varies with changes of altitude and there was no noticeable effect
of altitude upon the relation of thrust parameter to speed parameter.

Figure 2 shows the effect of speed paramster on the thrust param-
eter for three values of Mach number, This figure is a complete ropre-
sentation of equation (10) for the range of valuos of the varameters
covered in the exporiments. The performence of othor similar anglnes

of different sizes and at any opereting condition that is repreosented

within the range of parameters given can be estimated fram tho figure.

In figure 3, which is similar to figure 2, the relations of the
alr-flow parameter and compressor pressure ratio to the engine-gneesd
parameter and flight Mach number are shown. Other characteristics,
such as power and specific air consumption, can be treated in a simi-
lar manner.

Performance charaecteristics that involve fuel flow, such as spe-
cific fuel consumption, fuel-alr ratio, end fuel consumption are of
speclal interest because cambustion efficiency N, &ppears in all
Parameters in which fuel flow appears. As a specific example, fig-

(y -1)n We
ure 4 shows the relation of the fuel-flow parameter 1 7
(y - 1) 0 W ¢ % *n
and a modified fuel-flow parameter 7 to the speed peram-

8,
0 “n
eter gé. The modified fusl-flow parameter does not contain cambustion
0

efficiency. Results of tests at three altitudes plotted in terms of
these parameters show that separate curves for each altitude were

determined by the data when the modified parameter was used but only
one curve represented the data when the parameter involving Mg Wwes

used.

APPROXIMATICNS AND SPECIAT, CONSIDERATIONS

Fuel mass. - It has been essumed here that the sole effect of
fuel addition to the flowing air is a heating effect. Ancther effect
of the fuel is to increaseo the mass of the gas. When this additional
effect is significant, equation (1) must bo modified as follows:

v T, W
1 z "f
- tan [t 50, 25 z

Usually We/W, is small enough to neglect the mass effect.

13
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Anctluer effect of fuel is to change tho camposition of the gas
and therseby change the value of 7y. The effect of variations of ¥
will be discussed in the following pesrsgraph.

Specific-heat variations., - Two similar engines cean be compared
only when the vaelues of ¥ are the same at correspcnding points in
both engines because, it will be recalled, equal values of 7 are
requlred for similarity of flow., Although 7y actually changes appre-
ciably es a result of the additicn of fuel, it has been found that,
as far as the results of tests with turboaets are concerned, the var-
iation can be neglected.,

If two similar engines are tested at different alr ‘temperatures,
the values of 7 will 4iffer in the two engines, particularly in the
high-temperature portions of the gases. Again, it has been found that
varietions of ¥y with temperature are not significant.

Combustion efficiency. - Some of the factoras involved in the
relation of combustion efficiency to the condition of the gas are the
kinetics of chemical reactions and the mechanism of fuel vaporilization.
Each of these factors is related to temperature and pressure, but this
relation cannot be expressed in teims of Mach number, Reynolds number,
and total-temperature ratio. As a consequence, combustion efficiency
ig not related to these parameters. It is concluded, therefore, that
the combuation efficiency must be experimentally determined at each
condition where it is desired to estimate performance, or some inde-
pendent method of estimating cambustion efficiency must be developed.

Point of heat addition. ~ The performance of the Jet engine can
be modified by burning fuel at places other than in the usual cambusg=-
tion chamber. In such cages, two similar engines can be campared only
when the distribution of heat addition to the engines is similar for
the two cases.

Propeller turbine. - The analyeis given in this report applies
also to the propellsr turbine. The speed of such engines is often
controlied by varying the propeller pitch. This change of pitch is

a change of the geometry of the englne combination and a new parametef,_—

propeller blade angle, should be added to equabtion (1).

DIMENSTONAL GENERALIZING FACTORS

The incorporation of several varisbles into a single parameter
congtitutes a generalization of the relation among variables. The
goneralized paremeter is often dimensionless, but not necessarily so,
and it 1s frequently desirable to use the parametsrs that are not

dimensionless. Onoc reason for this preference is that dimensionless

14
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parameters are not ustally easily identified wlth particular variables.
Another reagon is that, even in the case where the parumeter 1s easily
identified with one varieble, the numerical values of the naramster 3
differ greatly fram the actually obgerved numbers representing the T
magnitude of the variable.

One method of obviating the difficulties connected with dimen-~ oo
sicnless parameters 1ls the use of go-called correctlon or reduction -
Tactors, as will be illustrated by example. "

First, consider paramoters identified with engine speed. The
dimensionless paremeter L& (equation (8)) has already been usged.
ag

Anothier paremeter freqdenuly uged is N/ /€n. It wlll be proved that - .,
these two parameters are direcily pvoportional to each cother. —

NL .
The parameter 35' can be rowritten as Multiply

\ /To/<,‘/7 R

and divide the parameter by the sguare root of the standard sea—levol
temperature Tgig oL

NL W L _ N L >
a - - P
0 [To /7R Tgpa /80 \78t
Tota . ' T ~

In performence tests of a given sngine, L dis, of coursc, a constant
and agtq 1is a constant by definition. The pronortionality between
g% and N/J'eo -1s therefore proved. The paramecter N/Q/ES is ——
referrsed to as "correctod" eonginc apoed.

Other similar parametors arc derived in table I along with tho
camonly accepted names for the parametorg. The corroctod paramotors -
have tho same significance as have tho corresponding dimensionless
narameters, although the corrected parameters are not dimensionless,
For example, the corrected sneed N/,/GO wag derived from the Mach .
nunber of the campressor blade tips and, therefore, the corrected —
sneed is a measure of the rabio of inertis and elastic forces in the T .
fluid. An example of the use of corrected parameters is shown in s
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figure 5. The corrected thrust and corrected thrust specific fuel

consumpbion of a turbnjet ongine was plotted against corrected engine
speed. The data are the same as are plotted in figures 1 and 3.

Alrcraft Engine Research Laborator;,
National Advisory Committoe for Aeronautics,
Cloveland, Ohio, May 7, 1946,
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TABLE I - DERIVATION OF CORRECTED PARAMETERS

Dimenslonless| Constant of Corrected|Designation
paremeter proportionality |parameter
v \'
- e — Caorrected
2 K Btd N airspeed
S5t
%; ?f* A Corrected
VQ? engine
gpeod.
W_.a P W
a
2 7 gt agﬁ5 Corrected
7L7p Sstd. air flow
hw. 2
y=1 ""F y L We
== - P & e Corrected
2 -1 1 tstd “std T
7 L‘pa 7 5.6 fuel flow
2 W /w
h W& lastg £/Vg
(7-1) T I G-DR — Correctod
at Wy 7=1)h 6 fuel-air
ratlo
Fn Fn 2 Fp
or 7L° D or YA.,p - Corrected
yLZp  7hxP std faPatal B net
thrust
g 712 Pgtd Batd 2 Corrected
7L°pa 8.,/6 net thrust
POWEY
= =L, orrecte
& Fn 7-1)hn, Fn /e net thrust
specific
fuel
consumption
(7-1)hn Yﬁ' z—'lj-—- Yf_ Not power
c P 7-1)bn, P specific
fuel
consumption
T T
7o T tad = Corrected
0 gua- e
temperature
£ Pgta, 2 Corrected
Py 8 )
pressurs

Natlonal Advisory Commitiee
for Aercnautics
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“Fig. ]
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